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$R$ ) $\mathfrak{X}$ ( ) (a right primifive rirxg)
( )
$\theta$
$Il$ $I\backslash ’$ $G$ $KC$ $I\{G$ $G$




- (locally free group HNN (ascending KNN $\mathscr{J}XSt\mathscr{J}mathfrak{B}^{\backslash }\dot{\rangle}\delta X1$ of free $\Re^{\zeta\supset u}t^{\mathfrak{B}}$)
1 (one relator $\otimes\otimes xp_{l\tilde{r}}w\dot{s}t\}_{l}$ torsion)
e,
1 $F\alpha rmabackslash e\ltimes$
R. ( ) $\{\mathfrak{B}\lambda)$ $R$ $R$ (a
right primitive ring;) $R$ i$ ideal
- $R$ ideal
$J(R)$ $R$ Jaeobson radical $J(R)=0$ $R$ (semiprimitive)
(semisimpl R. ideaJ




$K\mathcal{B}$ $G$ $k^{r}$ (the group ring of $a$ over K)
Formanek [3]
( $[6\}-,$ $[(_{\backslash _{-}}\zeta t],$ $[?]2$
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Formanek’s Method $G$ $K$ $|K|\leq|G|$
$X$ $G$ $(ie., |X|=|G|),$ $\psi$ $X$ $KG\backslash \{0\}$
$x\in X$ $e(x)$ $\psi(x)$
$KG$ $KG\psi(x)KG$ $\epsilon(x)+1$
$p=\Sigma_{x\epsilon X}(\epsilon(x)+1)KG$ $p\neq KG$ $KG$
$G$ 2 $A,$ $B$ $G=A*B$ $G\neq \mathbb{Z}_{2}*Z_{2}$
$g\in G$ $g$ $A$ $B$ $g$
type $AB$ type $AA,$ $BA,$ $BB$
Formanek [3] $|A|\geq|B|$ $|A|$ $X=A\backslash \{1\},$ $|A|$
$X=N=\{1,2, \cdots\}$ $KG$ $\epsilon(x)$
i $)$ $A$
$B$ $b$ $1$ $x\in A\backslash \{1\}$ $m(x)$ $G$
$\psi(x)$ support
$\epsilon(x)=\{\begin{array}{ll}a\psi(x)b+\ \psi(x) if m(x) \hslash^{t} type BA h^{\tau}m(x)=1ab\phi(x)b+bab\psi(x) if m(x) h^{S}tyt\}eAAm(x)+\ovalbox{\tt\small REJECT}(x)a if m(x) \hslash^{\{} type ABbo\psi(x)+a\psi(x)a if m(x) h^{\{} type BB\end{array}$
ii) $A$
$B$ $b$ $1$ $A$ 2 $a,$ $a’$
$x\in$ $m(x)$ $G$ th $(x)$ support
$\epsilon(x)=\{\begin{array}{ll}(ab)^{x}a’\psi(x)b+b(ab)^{x}a’\psi(x) if m(x) \text{ } typ\epsilon BA \text{ } m(x)=1(ab)^{x}a’b\psi(x)b+b(ab)^{x}a^{l}b\phi(x) if m(x) \text{ } type AA(ab)^{x}a’b\phi(x)a+b(ab)^{x}a’b\phi(x) if m(x) \text{ } type AB(ab)^{x}a’\psi(x)a+b(ab)^{x}a’\psi(x) if m(x) \text{ } type BB\end{array}$
$\epsilon(x)$ $p=\Sigma_{x\epsilon X}(\epsilon(x)$ $1)KG\neq KG$






$e(_{\backslash }c)$ $J\backslash ^{r}C_{\#^{j}\}},’(x)KC*$
$p$ $7^{\cdot}$
$r= \sum_{t=1}^{rt}(\epsilon(_{\backslash }\cdot\iota_{t})+1)x_{f}$ , $v_{t}\epsilon I\zeta\zeta^{Y}\backslash \{(j\}$
$\iota\cdot$ $ $p$ $r\neq 1$ $e(x)$
$\epsilon(x_{\ell})$
$\lambda^{2}p$ $C$ $f_{ti}$ . $I\acute{\backslash }$ $\epsilon(.l-e)$
$iota i_{l^{\supset}l^{Jotlf_{ti}}}$ $G$
$g_{tj}$
$/ \cdot=\sum_{s}(\sum_{i\dot{g}}a_{t.i}\mathscr{X}_{\dot{y}}f_{ii}g_{ti}+\sum_{j}d_{ijfftj})\neq 1(Ct_{ i}\neq(t_{\gamma i}3_{tj}\neq 0)$
$.,$
.
$= \sum(\sum_{il\dot{x}i}<\iota_{li\prime}’3_{tj}f_{tii/fj}+\sum_{j}3_{tj}g_{i_{-;}}.\cdot)=1(\subset Y_{ i}\neq\zeta)_{\backslash }:3_{tj}\neq\uparrow!)$
$\epsilon(u_{t})$ support $f_{ti}$
$1\backslash ’c_{\gamma}^{\gamma}$
$u,$ $v$ $u$ . $=\zeta$}
$l$’ $u= \sum_{i^{\backslash }=1}’a_{i}J_{\dot{i}},$ $1=’= \sum_{j=1:}^{n}e_{ig_{j}}$




$f_{1}g_{1}=f_{2}g_{2},$ $fsgs=f_{A}g:s,$ $f_{\theta}\prime \mathfrak{X}::=fsg_{4:}f_{7}g_{4}=fsg_{1}$
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( 1 ) $f_{1}^{-1}f_{2}f_{jl}^{-1}f_{4}f_{s^{e}}^{-1}f_{\theta}f_{7}^{-1}fs=1$ $u$ support
$f_{i}$ 1 $fi,$ $\cdots$ , $f_{8}$
$uv\neq 0$
( [2] )
$V=\{f_{\mathfrak{i}}g_{j}|1\leq i\leq n, 1\leq i\leq m\}$ 2 $v=f_{i}g_{j},$ $u!=f_{p}g_{\eta}$ $?!=w$
$vw\in B,$ $j=q$ $vw\in B’$ 2 $E,$ $B’$ $\lambda$
$V$ 2 $E,$ $E’$ $\mathcal{R}=(V, E, E’)$ $v_{1}=figi,$ $v_{2}=f_{2}g_{2}$ ,




graph) R$\tilde$ ( [8]
[8] )
1(R-graph) $V$ $E,$ $E$ $\mathcal{G}=(V, E),$ $\mathcal{G}^{*}=(V, \mathcal{B}^{x})$
$V$ $v\in V$ $U(v)$ $v$ $\mathcal{G}^{\cdot}$ $v$
; $U(v)=\{w\in V|vw\in E^{*}\}\cup\{v\},$ $v$ $R$- $\prime \mathcal{R}=(V, \mathcal{B}, E^{*})$
(R) $\mathcal{R}$ R- (R-graph)
(R) $v\in V$ $\mathcal{G}$ $C$ $v\leq C\Rightarrow U(v)\cap C=$ $v\}$
R-
( 2 )
I $’\backslash$ $’\backslash$ $’\backslash$ $’\backslash$ $\backslash$, $\sim$
(1) (2) (3)




2(R-cyclee) $n=$ $(V. E. \mathcal{B}^{*})$ $\Re-$ $C_{f}=$ $(V. \mathcal{B})_{i}e_{\grave{x}^{*}=}$ $(V. 8^{*})$




$\langle 1\rangle$ 3 $\wedge\cdots$ . $u$}$k\backslash - l^{t}A*\varphi_{-}E^{*}$ $\infty$ & & $\mathscr{X}$ $f_{\dot{h}^{\backslash }}$ $R-p\ \{\}x$ $\ovalbox{\tt\small REJECT} \mathscr{P}\ovalbox{\tt\small REJECT}_{\Phi}^{\phi}$




$@$ :R-path, R-cycle (1): $v_{\iota\ovalbox{\tt\small REJECT} s*}v\Phi t/v_{\delta}v_{\delta}tt,:\Re-pa*$ $(2):tJ_{\}v_{\theta}v_{g}v_{g}tJ_{\theta}lJ_{X\theta}:\mathfrak{X}-\varphi\ell ile$
$\mathcal{B}$ $z*$ $\mathscr{X}=E$ $=(V\grave, \mathcal{B}’)$ $\Re_{l}$
R-cycle $e_{t’}\sim$ $cyc$le eyele
R-cycle $e^{\gamma;},\sim$ cyele
R-cycle ( 4 )
$\xi^{\backslash },^{\prime’}\backslash :^{\backslash }*\backslash \backslash$, $f^{\backslash },\backslash \backslash \backslash \backslash ’\backslash \prime r_{\backslash }’’$ $’\prime^{\prime’}\backslash$?
$4$ :R-eycle
$y$ }$j)$’ cycle




3(R-subgraph) $\mathcal{R}=(V, E, E^{*})$ R- $\mathcal{G}=(V,E),$ $\mathcal{G}^{*}=(V,$ $E$
$W\subseteq V$ $E_{W}$ , E
$E_{W}$ $=\{ww’|w,w’\in W$ and either $ww’\in E$
or $wv_{1}\cdots v_{m}w’$ is a path in $\mathcal{G}$ for some $v_{i}\in V\backslash W$ },
$E_{W}^{l}$ $=\{ww’|w_{\}}w’\in W$ and $ww’\in E^{*}\}$ .
$R_{W^{r}}=$ $(W,$ $E_{W}$ , E $)$ $R-$ $W$ R
(R-subgraph generated by $W$) o
$E_{W}^{*}$ $W$ $\mathcal{G}^{*}$ $E_{W}$ $C$ $\mathcal{G}$





$5:\{v_{1}, v_{2},v_{3}, v_{4}, v_{5}, v_{6}\}$ R-
R-
R-cycle R- R-cycle
4(R-connected) $R-$ $\mathcal{R}=$ $(V, E, E^{*})$ $v,$ $wGV$
$g=$ $(V, E$ $E^{*})$ $v$ $w$ $R$- (R-connected) $\mathcal{G}’$
$\mathcal{R}$ $R$- (R-component) $\mathcal{R}$ 1 R-
$R$ $R$-
$\prime \mathcal{R}=(V, E, E^{*})$ R- $\mathcal{G}=(V, E),$ $g=(V, E^{*})_{\backslash }u$ $R$-
$U=\{U(v)|v\in V\}$ $U(v)G1t$ $lf^{o}(v)=U\backslash \{v\}$
$U^{o}(v)$ $v$ o $V$ $W$
$C(V)$ $V= \bigcup_{W\epsilon C_{(V)}}W$ $W\in C(V)_{c}\mathcal{G}$ $C$
$W\cap C\neq\emptyset\Rightarrow|W\cap C|=1$ $cr(V)$ $\mathcal{R}$ R- - (R-colouring).
$\mathcal{R}$ $R$- $R-$ $C(V)$ $\mathcal{G}$
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$lW\overline{*}C(\Psi)$ $z_{j},$ $\iota^{;}\overline{\epsilon}t\prime V$ $U”(\nu)=tf^{\phi}(’\iota_{-}^{I})$ $b\simeq v’$ $\simeq$ $W$
$c(l\phi^{r})=\{\aleph_{1\}}^{J^{r}}\cdot*\cdot, W_{i}\}$ $\simeq$ $$\Psi$
$l.\mathfrak{W}$ &
$\check$
$\mathfrak{k}4_{*\infty}^{F_{\nu}}w\not\in tf{}^{t}(v)$ $k_{j}^{r}\cap tf^{a}(v)\neqinfty 1\prime Y_{\grave{l}}\underline{C}tf^{\delta}(v)$
$\mathfrak{B}$ & $\{\varphi_{\dot{\aleph}}\infty aS\underline{C}c\ovalbox{\tt\small REJECT} l\varphi^{v})t\ovalbox{\tt\small REJECT}^{\mathfrak{x}_{-}4_{i}^{\prime^{\vee}}}\_{\backslash }$
$\zeta f^{ep}\ovalbox{\tt\small REJECT}^{:}v)=i4_{j}^{r}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} 3l$
. $\ovalbox{\tt\small REJECT} 2.1)$
5 (RCP graph, RC graph) $p_{\backslash },$ $=$ $(V E, E”)$ $( $\backslash$t}, $c(t?)$ $=$
$\{\mathscr{X}_{s}\cdot\cdot, l\varphi_{t}\}(\}\varphi\varphi_{rightarrow}C(V\})$ $ $>-$
(1)
$\{\nu_{(ii}^{*}e$ $*r$- $)$ , $Wt8eet4^{t_{i}}\infty tX^{a}=lj\backslash 1_{i}’$’ (2.2)
$\mathcal{R}$ RCP $(R_{\vee}acxnxp1aete$ partite $\Re\ t)h\rangle_{-}$
(2)RCP
$\aleph^{r}’\overline{8_{\sim}}\not\subset(t^{\overline{\gamma}}),$ $\/\}_{\dot{*}}^{f}\xi i\epsilon(l\varphi^{f})\infty|Psi_{i}|=\lambda$ (2.3)
RC (R-complete $\mathfrak{W}\ P$
$-(^{2}2.2)$ $($ 2. $X)$ $s*\nu^{r}\{\prime t^{r_{\dot{8}}}\}$ {2.3) (22)
RCP RC $g^{\tau*}$












(2) $U\in u_{\backslash }\mathcal{G}$ $C$ $U\cap C\neq\emptyset\approx|W$ $C|=1$ .
$\Re=$ $U$ $tt||U|=1\},$ $\mathcal{L}=$ $U\in u||U|>2\}$ RC $\mathcal{R}$




(ii) R$\check$ $\prime \mathcal{R}\psi=(W, Ew, E$ $)$ $|W|-|u_{w|-\omega}+1>0$ ,
$\omega$ $\mathcal{G}w$
(2) $|\mathcal{L}|\geq|\Re|\Rightarrow \mathcal{R}$ R-cycle
$C(V)=\{V_{1}, \cdots, V_{n}\}$ $\mathcal{G}^{\cdot}(V_{i}, E_{v}^{*})$ $k$ $:\simeq K_{m_{1},\cdots,m_{k}}$
$m(V_{2})$ $m_{1,}m_{k}$ $I(V)$ $\mathcal{G}$
RCP $\mathcal{R}$ ( [8, Theorem 19]
)
2 $\mathcal{R}$ RCP $n>1$ $i\in\{1, \cdots, n\}$
$|V_{i}|>2m_{1}$
$|I(V)|\leq n\Rightarrow \mathcal{R}$ R-cycle
2 $|V_{i}|>2m_{i}$ 6 $n=4$ $I(V)=4$
$|V_{2}|=2m_{2}=4,$ $|V_{3}|=2m_{3}=4$ R-cycle RCP
$v_{4}$ $v_{10}$
$v_{12}$
$C(V)=\{V_{1}, V_{\ell}, V_{3}, V_{4}\}$,
$I(V)=\{v_{lr}v_{\delta}, v_{9}, v_{1\triangleleft}\}$
$V_{12}=\{v_{X}\},$ $V_{zz^{=}}\{v_{\rho}\},$ $V_{z3^{=}}\{v_{3}\},$ $m_{z^{=1}}$ , $V_{zx^{=}}\{v_{4}, v_{5}\},$ $V_{kl}=\{v_{6}\},$ $V_{z3^{=}}\{v_{7}\},$ $m_{r^{=2}}$





[$S_{s}$ Theorem 1] )
3 $C$ $Ji’G$ $K$ $Q$ (1), (2)
$l\dot{t}^{\triangleright}G-$
$(\lambda)O$ $\ovalbox{\tt\small REJECT}$ $|$ $=|O|$ $d$
(2) $G$ $fi_{\tau}f_{n},$ $g_{1:}’\cdot$ , $a$ $X$ ) $\backslash X_{2},$$X_{\}=$,
( $i\rangle$ , (ii) Ciii) Q
(i) $\{x_{\grave{l}},$ $g_{\dot{i}}\rangle$ 2
$(-\}$ $x_{j}=f_{t}x_{\theta}g_{t}x_{s}\varpi\ovalbox{\tt\small REJECT} i_{:}^{-}j.k\sim)=(l, s, l.)$,
(111) $n\mathscr{K}_{\mathfrak{x}\cdot;\ell}(xt_{i}g_{i_{t}i_{1}}x)^{-l}(x_{n_{\{}}g_{i}x_{\mathfrak{R}\gamma})=\lambda\infty 3t_{e_{Y}}n_{t}=l_{X+?}$ or $(l_{8}, i_{t})=(n_{c,i}j_{t}\}$ .
$S$ $G$ (2) $IA’C_{\vee}$
3 $\xi K|\leq[G|$
$\langle\rangle$ 3 1 Formanek [3]
1 $\langle$ [$3$ , Theorem 5] $)$ $\theta$ 2 $A,$ $B$ $G=A*\mathcal{B}$
$G\neq \mathfrak{B}_{2}*\mathscr{X}_{3}$ $JK$ $R’\mathcal{B}$
$C_{r}*\mathscr{R}_{\}*\mathfrak{B}_{\mathfrak{B}}$ $\langle C=\mathfrak{B}_{2^{*}2}g_{d}$ $a$ 2 $KG$
) $|A|\underline{\gg}|\mathcal{B}|_{*}|A|\underline{\lambda}3,$ $|\mathcal{B}|\underline{3}2$
$A$ $A$ $S=\ovalbox{\tt\small REJECT} a_{?\dot{8}?}a_{2i}-\cdot|r’$. $\approx^{-}I\}$ $|I|=|A|$ $i\neq i$ or $s\# C$
$a_{st}\# tX_{tj}^{:\ \lambda}$ 1 $\# b$ $St$ $h_{i}=a_{\zeta j}k_{\mathfrak{B}i},$ $iarrow\not\in I$
$\mathscr{X}=\{h_{i}|8\iota’earrow I\}$ $\mathscr{X}$ 3 $\zeta 1\rangle$ 8 a
$k_{\lambda t}h_{\mathfrak{B}t}\cdots$ $v_{i}= 2_{k=}^{i}t^{h_{A\backslash }}$ $G$ $f_{\lambda_{:}}fm,$ $9t,$ $\cdots,9n$
$li^{l}$ $x_{i}=y_{P\star i}\mathscr{A}i,$ $i=1,$ $\S_{\backslash }3$
$x_{1}\grave,$ $x_{2:}xs$ 3(2)
$A$ $G$ $|A|\underline{\}}_{\tau}3$ $\alpha\#\lambda_{\}}a^{t}\neq X,$ $at\lambda^{l}*\ovalbox{\tt\small REJECT}$
57
$a,a’\in A$ $1\neq b$ $B$ $h_{i}=(ab)^{2i}a’(ab)^{2i},$ $i6N$
$If=\ovalbox{\tt\small REJECT} h_{i}|i\in N\}$ $H$ 3(1) $G$ $G$
$fi,$ $\cdots,$ $f_{m},$ $g_{1},$ $\cdots,g_{n}$ $p$
$y_{i}=\Pi_{k=1}^{p+1}h_{k}$ $x_{i}=y_{i}(ab)y_{i}$ $x_{1},$ $x_{2},$ $xs$ 3(2)
3 $KG$ ( )
2([8, Corollary 30]) $G$
$K$ $KG$
$G$ 3 (1), (2)
$F_{1}\underline{\subseteq}F_{2}\cdots$ $G=1j_{i=1}^{\infty}F_{i}$ 3(1) $G$




$F_{;_{+1}}=N_{i+1}*H_{2+\ddagger}$ $N_{2+1}$ $H_{i+1}$ $F_{i+1}$
$F_{2}\subseteq N_{i+1}$ $|F_{1\star 1}|=|H_{i+1}|$ $H=H_{2}*H_{3}*\cdots$
$H$ 3(1)
$G$ $G$ $f_{i},$
$\cdots,$ $f_{m},$ $g_{1},$ $\cdots,g_{n}$
( ) $H$ $X$ $H$ $|X|\geq 2$
$y\neq Z$ $y,$ $z\in X$ $x_{;=}y^{p+:}zy^{p_{+i}}$ $p=2q$ $q$
$f_{i},$
$\cdots,$ $f_{m},$ $g_{1},$ $\cdots,g_{n}$
$x_{1},$ $x_{2},$ $x_{li}$ 3(2) ( )
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